A new method of the description of a system of particles with different characters of interactions is proposed. The description takes into account a possible spatial nonhomogeneous distribution of particles, i.e. the particle clustering. The theory is applied to the investigation of the subsystem of hydrogen atoms in the δ-KIO 3 ·HIO 3 crystal. It has been shown theoretically that hydrogen atoms should assemble to clusters, which may be considered as crystallites. The number of hydrogen atoms in a cluster is calculated. Forming clusters, hydrogen atoms do not move from their equilibrium positions but start to vibrate synchronously. The interaction between hydrogen atoms is effected by inertons, very light quasi-particles, which represent a substructure of the hydrogen atom's matter waves (the corresponding inerton theory, i.e. submicroscopic quantum mechanics, has recently been developed by one of the author, see e.g. quant-ph/0106106). The experimental study of polycrystalline δ-KIO 3 ·HIO 3 has been performed in the range from 13 to 300 K. We have recorded the IR spectra of the crystal and analyzed stretching and bending vibration bands of hydrogen bonds. Features observed in the high frequency spectra are interpreted just as the manifestation of vibrations of hydrogen atoms bound in clusters by means of a subtle substancethe inerton field.
Introduction
An approach to the statistical description of a system of particles that took into account spatial nonhomogeneous states of the particles was first proposed in paper [1] . The approach was based on methods used in quantum field theory. The most general statistical method of attack to the problem of interparticle interactions was advanced in paper [2] . Nevertheless, the general line did not permit the getting an analytical solution in the case when the inverse operator of the interaction energy cannot be determined. In such a case we need other method, which will allow the treatment of a possible nonhomogeneous particle distribution.
In the present work, we study a system of interacting particles with regard to the concept proposed in Refs. [1] [2] [3] . Such an approach reduces a number of variables on which the free energy is determined and introduces a peculiar variable that describes the thermodynamics of the system with a spatial nonhomogeneous particle order.
One may raise a question about the origin of long-range attraction of atoms, and hydrogen atoms in particular, in condensed media. This problem has been studied in a series of recent publications of one of the authors [4] [5] [6] [7] [8] [9] . In the mentioned works, submicroscopic quantum mechanics has been constructed. The theory [4] [5] [6] [7] [8] [9] proposes a submicroscopic structure of the real space considering it as a superdense tesselation of balls (or elementary cells, or superparticles), which are primary blocks of Nature. Such a suggestion correlates well with high-energy physics, which denotes the minimal scale, 10 −28 cm, at which all types of fundamental interactions come together and introduces an abstract superparticle whose different states are electron, positron, muon, neutrino, quark and other elementary particles.
Thus combining these two aspects, the real space has been endowed by a structure that shares both discrete and continual properties. Saying physically, the space has been regarded as a substrate that is densely packed with those superparticles, which are treated as real, whose size is of the order of 10 −28 cm and which are found in the degenerate state. The particle has been defined as a local curvature, or a local deformation of the degenerate space substrate. This means that the appearance of the deformation in a superparticle signifies the induction of mass in it. Thus in the first approximation, the real space would be regarded rather as a quantum aether, which as a medium manifest itself at laboratory measurements [7, 8] .
A moving canonical particle emits inertons passing the de Broglie wavelength λ and the velocity of the particle changes along the interval λ from the initial value v 0 to zero. Then during the next de Broglie wavelength λ the particle absorbs emitted inertons and its velocity is again restored from zero to v 0 and so on [4] [5] [6] . In such a manner the de Broglie wavelength λ of the particle shows up as the spatial amplitude of particle oscillations. Oscillations of the cloud of inertons are specified by amplitude [4] 
where c is the velocity of light. For atoms in a medium, the size of the inerton cloud Λ can exceed 1 µm [8] . Therefore, just the availability of the inerton cloud in the surrounding of an atom provides for atom's long-range action. An analysis carried out in Refs. [7, 8] , indeed, has shown that inertons manifest themselves experimentally. Now let us come back to the topic of the work. It is well known that compounds inclusive hydrogen atoms or protons demonstrate a very peculiar dynamics. Of special note is the recent study conducted by Fillaux and collaborators [10] [11] (see also review article [12] ). Using the incoherent inelastic neutron scattering technique they have investigated vibrational dynamics for protons in various solids and revealed that proton dynamics is almost totally decoupled from the surrounding heavy atoms. Besides, Fillaux notes that the proton subsystem demonstrates a collective dynamics. By studying electronic absorption spectra in the benzoic acids crystal, Rambaud and Trommsdorff [13] have observed the cooperative proton transfer and simultaneous tunneling of four protons as well. Such remarkable results allow us to try to investigate a system with hydrogen atoms for its possible instability in respect to clustering of hydrogen atoms in the framework of the statistical approach mentioned above.
As an example of a system incorporating hydrogen atoms, we have chosen the potassium biiodate. The delta modification of the δ-KIO 3 ·HIO 3 crystal features the low temperature phase transition [14] , nonlinear and optical properties [14, 15] and proton hopping [15, 16] . By means of X-ray diffraction data [15] [16] [17] , the heavy atom part of the crystal structure has been ascertained in detail. On the basis of single crystal X-ray diffraction data [18] anions. Hydrogen bonds connect the ions forming plane grids parallel (100) with the K + ions placed between the grids. Our preceding results obtained from the IR and Raman studies of δ-KIO 3 ·HIO 3 [18] allowed concluding that protons are disorder at room temperature and ordered below 220 K. In other words, we may talk about a structural phase transition in the proton subsystem. However, experimental data related to the fine proton dynamics were not still available.
In hydrogen bonded systems, the profile and frequency shift of the OH stretching band is correlated both to the intermolecular distance O···O and intramolecular O-H bond length. Because of that, the analysis of those two bands may contribute a lot to the ascertainment of proton dynamics and behavior of hydrogen atoms in the crystal lattice studied.
Thus, the goal of the present work is the study of a possible cluster formation in a crystal contained hydrogen atoms and the verification of the theoretical consideration on an example of the δ-KIO 3 ·HIO 3 crystal. For the crystal, we perform a comprehensive analysis of vibration spectra in the regions of OH stretching and bending vibrations and then search for cooperation behavior of protons, or hydrogen atoms.
Statistical mechanics of interacting particles
Since the phase transition in the δ-KIO 3 ·HIO 3 crystal occurs at T = T c = 220 K, the crystal falls in the category of hydrogen-contained crystals such as KDP, DKDP, and others in which the phase transition to the ordering exhibits the rigid fixing of hydrogen atoms in one of two wells of the two-well potential [19] . By this means, we can apply the order-disorder model to the study of peculiarities of the phase transition of the said crystal. However, what a model may one use for the description of the hydrogen atom behavior? When short-range forces are the most significant, the mean field approximation is bad and the approximation is very bad in the case of strong shortrange repulsion interaction [19] . Evidently, such a situation is realized in the δ-KIO 3 ·HIO 3 crystal when ordered protons should suffer the strong mutual repulsion and at the same time can weak interact with the frame network and surrounding space substrate (see Ref. [8] ). In the ferroelectric microscopy, the effect of short-range correction is described by the so-called cluster approximation [19] that is based on the study of phase transition in the Ising lattice. The method allows the investigation of the proton correlation that is usually called the spin ordered parameter σ and yields an analytical expression for the dependence on temperature T below T c . So we shall treat a model of the crystal in which all hydrogen atoms occupy their own fixed position along with positions of atoms of the frame network.
Let us start from the model of ordered protons which features by nonzero ordering parameter σ. Let atoms (called particle below) form a 3D lattice and let n s ={0, 1} be the filling number of the sth lattice site. The Hamiltonian of the system of interacting particles may be written in the form
where E s is the additive part of the particle energy in the sth state. The main point of our approach is the initial separation of the total atom/molecular potential into two members: the repulsion and attraction components. So, in the Hamiltonian (2) V ss ′ and U ss ′ are respectively the paired energies of attraction and repulsion between particles in the states s and s ′ . It should be noted that the signs before the potentials in expression (2) specify proper signs of the attractive and repulsive paired energies and this means that both functions V ss ′ and U ss ′ in expression (2) are positive. The statistical sum of the system
may be represented in the field form
due to the following representation known from the theory of Gauss integrals
where Dχ implies the functional integration with respect to the field χ; ρ 2 = ±1 in relation to the sign of the interaction (+1 for attraction and -1 for repulsion). The dimensionless energy parametersṼ ss ′ = V /k B T ,Ũ ss ′ = U/k B T , andẼ s /k B T are introduced into expression (4). We will use further the known formula
which makes it possible to settle the quantity of particles in the system, s n s = N , and, consequently, we can pass to the consideration of the canonical ensemble of N particles. Thus the statistical sum (4) is replaced for
Summing over n s we obtain
where
Here, the symbol η characterizes the kind of statistics: Bose (η = +1) or Fermi (η = -1). Let us set z = ξ + i ζ and consider the action S on a transit path that passes through the saddle-point at a fixed imaginable variable Imz = ζ = ζ 0 . In this case S may be regarded as the functional that depends on the two field variables φ and ψ and the fugacity ξ = e −µ/kBT where µ is the chemical potential. In a classical system the mean number of filling of the sth energy level obeys the inequality
(note the chemical potential µ < 0 and µ/k B T >> 1). By this means, we can simplify expression (9) expanding the logarithm into a Taylor series in respect to the small second member. As a result, we get the action that describes the ensemble of interacting particles, which are subject to the Boltzmann statistics
The extremum of functional (11) is realized at the solutions of the equations δ S/δ φ = 0, δ S/δ ψ = 0, and δ S/δ ξ = 0, or explicitly
If we introduce the designation
we will easily see from Eq. (14) that the sum s N s + 1 is equal to the number of particles N in the system studied. So the combined variable N s specifies the quantity of particles in the sth state. This means that one may treat N s as the variable of particle number in a cluster. Using this variable, we can rewrite Eqs. (12) to (14) as follow
Now let us construct the action (11) written as a function of only one variable N s . Multiplying two hand sides of Eq. (17) byṼ ss ′ and then summering it over s, we acquire
If we multiply Eq. (17) by s and then summarize it over s, we get using Eq. (19)
Multiplying two hand sides of Eq. (16) byŨ ss ′ and then summarizing it over s we will obtain
If we multiply Eq. (16) by φ s and summarize it over s, we will get
Eqs. (15) and (19) allow tan φ s to be found,
Now having known expressions forŨ
ss ′ ψ s ψ s ′ , we can represent the action (11) through the new variable N s and the fugacity ξ
If we put the variable N s = N = const in each of clusters, we may write instead of Eq. (18)
Here, K is the quantity of clusters and N is classed as the number of particles in a cluster. Thus the model deals with particles entirely distributed by clusters. It is convenient now to pass to the consideration of one cluster and change the discrete approximation to the continual one. The transformation means the passage from the summation over discrete functions in expression (24) to the integration of continual functions by the rule
where v clus = 4π g 3 /3 is the effective volume occupied by one particle and hence g is the mean distance between particles in a cluster, R/g is the dimensionless radius of the cluster whose volume is 4π R 3 /3, and x = r/g is the dimensionless variable. Therefore, the number of particles in a cluster is linked with R and g by the relation (R/g) 3 = N. We assume that N >> 1 and set the upper limit in the integral (26) equals N 1/3 . Having transformed the action (24), we should exploit the following relationships
(relationships (27) are held also for the functionŨ ). If we introduce the designations
and take into account expressions (26) to (28), we will rewrite the action (24) for one cluster in the simple form
3 Realistic potentials carrying into clustering
The potentials of interparticle interaction as is well known may be chosen in the form of exponential functions decreasing with distance from the particle. The Lannard-Jones potential
where g the lattice constant and ε the binding energy, is one of the most realistic potentials as it allows comparison with experimental data. Formula (31) takes account of stable disposition of atoms in the medium studied. The behavior of an atom/molecule in the crystal lattice is characterized by its harmonic vibrations in the vicinity of equilibrium positions. The amplitude A of small displacement of an atom lies in the range 0.01 to 0.03 nm. Such small value of A is caused by a heavy rigidity of the lattice that exhibits the large elasticity constant γ cryst . The constant can be evaluated from the relationships
where ν, m, and v are the respective frequency, mass and velocity of a vibrating atom.
On the other hand, the recent findings one of the authors [4] [5] [6] [7] [8] [9] point to the necessary to take into consideration the background of condensed matter that is not a vague vacuum but rather a space substrate. In those works a model of the substrate and a theory of the motion of particles in it was constructed. From the mathematical point of view, the substrate is simulated as a mathematical space that is densely packed with its building blocks -elastic cells. A particle is also an element of the space. Therefore when we treat any material object, we should take into account that it is embedded in the space substrate that posses its own properties and is able to interact with massive objects. The main prediction of the submicroscopic quantum theory was the existence of elementary excitations of the space substrate, inertons, which surround any particle when it begins to move. Thus under the strong pressure of rigorous results obtained in the mentioned works the availability of inerton clouds around the vibrating atoms deserves consideration.
Atoms vibrate due to the total elasticity of the lattice. Any atom vibrating at the equilibrium position undergoes a restored impact on the side of that rigid elastic force that is stipulated by the electromagnetic interatomic interaction. Yet each atom is moved in the space substrate that in turn is allotted by elasticity. A free particle/atom moving in the degenerate space suffers the friction on the side of the space: owing to collisions of the atom with structural blocks of space, i.e. superparticles, inertons are emitted from the particle/atom and accompany it as a cloud of quasi-particles.
If we divide the particle path by the particle's de Broglie wavelength λ, we shall obtain that the particle emits inertons along odd sections λ of the path and absorbs emitted inertons when runs even ones. At such a motion, the velocity of the particle oscillates periodically between the initial value v 0 and zero. This is why the energy hν of a free moving particle with a mass m can be presented in the two following ways: either in the form of the kinetic energy 2 λ 2 (see Refs. [4] [5] [6] for detail). The cloud of particle's inertons occupies the range covered by amplitude (1) around the moving particle (i.e., atom in our case).
Coming back to the crystal lattice, let us take into consideration that it is embedded in the space substrate. Then in the same way as a free moving atom, a lattice's atom must also experience an elastic force on the side of the space in addition to the elasticity of the lattice itself that is described by expression (32). In fact, though an atom in the crystal lattice oscillates only in the framework of small displacement A, elementary excitations of the space substrate to be emitted at these oscillations as well. When the atom traverses the section A, it should emit inertons with loss of velocity: the kinetic energy is transformed to the potential one, i.e., moves to the cloud of inertons. We thus are entitled to write a relation similar to relation (1) that holds in the case of a free moving particle. In fact, instead of the de Broglie wavelength λ we put now A; instead of the velocity v 0 of a free particle we should put that derived from relationships (32), v = 2hν/m. The net result for the amplitude of the inerton cloud that oscillates around an atom is
(we recall that expression (33) is a consequence of the dual presentation of the same frequency of collisions between the atom and its inerton cloud [4] : on the one hand, it is
and on the other hand, it is c Λ where Λ is the amplitude of atom's inerton cloud; for definiteness sake, we believe that the velocity of inertons coincides with the velocity of light c). As it follows from expression (33), the range Λ covered by the inerton cloud around an atom is about or even above 1 µm.
Thereby atoms of the crystal lattice periodically emit and absorb inertons and, because of that, each atom is found under the influence of inerton clouds of a great number of other atoms. This means that in condensed media any atom falls under an additional potential caused by the interaction of an atom with the inerton field that densely fills the media. In other words, each atom is subjected to an elastic force on the side of the inerton field caused by the presence of the space substrate and therefore the potential energy of an atom to be acquire an additional harmonic correction
where r is the distance from the equilibrium position of the atom. The research carried out in Refs. [7, 8] allows us to assume that the elasticity constant γ associated with the presence of the inerton field in a matter is very small in comparison with the conventional elasticity constant of a solid, which averages several tens N/m. Now the repulsive and attractive components of the paired potential, which enter into the action (30) by means of the parameters a and b (29), take the form respectively
It is important to note that the attractive paired potential V (r) in expression (35) includes the difference between two corrections (34) to the potentials of two atoms: each of the corrections is stipulated by the interaction of the corresponding atom with the space substrate. In the case when masses of two interacting atoms have the same order, the difference will be negligible quantity. However, in case when we treat a pair of light and heavy atoms (for instance, oxygen and hydrogen), the difference, i.e. γ = γ O − γ H , cannot be negligible.
Let us substitute potentials (35) into the formulas for parameters a and b (29), which in turn enter into the action (30) (note that in the integrals we should put the dimensionless variable x = r/g). Calculating the integrals in (29), we get
Substituting a and b from expressions (36) into the action (30), we get
The action S reaches its extremum at some value N that comes out of the equation Two of the three parameters that enter solution (38) are measurable values: ε is the binding energy that in our case bonds hydrogen and oxygen atoms and g is the OH length. The elasticity constant γ of the cluster is a fitting variable which, however, to be one or two orders magnitude less than that of the total crystal lattice, γ cryst .
Experimental
Specimens of the δ-KIO 3 ·HIO 3 crystal were obtained according to Ref. [20] by cooling down concentrated solutions of KIO 3 and HIO 3 from 413 to 353 K within three months. The temperature dependent IR spectra of the powdered crystal suspended in Nujol and hexachlorobutadiene were recorded on the Bruker FT IR spectrometer IFS-88 model in 400 to 4000 cm −1 spectral range. Temperature dependencies of the IR spectra in the temperature range from 13 to 300 K were measured using an ADP cryogenics closed-cycle helium refrigerator system, which allowed maintaining the temperature of the sample within ± 0.1 K. The measurements have been performed between 13 and 295 K with steps 10 to 30 K and the stabilization time of 20 minutes each.
We have measured the FT IR absorption spectra of the powdered δ-KIO 3 ·HIO 3 crystal in the frequency range of stretching and bending vibrations of OH bonds for temperatures ranging from 13 to 293 K. The fragments of the spectra recorded in high-frequency region (2000 to 4000 cm −1 ) are shown in Figs. 1 and 2 . The spectra feature the absorption caused by OH stretching vibrations. The lengths of OH· · ·O bonds in the AIH crystal, as reported in Ref. [17] , have the values of 0.291 and 0.267 nm and therefore we may ascribe them to weak and medium hydrogen bonds. It is known [20, 21] that for weak and medium strong hydrogen bonded OH· · ·O fragments one may distinguish three IR active modes: 1) the stretching modes ν(OH) with 3500 ν OH 2800 cm −1 , Figure 2 : Temperature dependent IR spectra of polycrystalline δ-KIO 3 ·HIO 3 in NaCl pellet in the region of the in-plane bending mode δ(OH).
2) the in-plane bending modes δ(OH) with 1300 δ OH 1150 cm −1 , and 3) the out-of-plane bending modes N(OH) with N OH ≈ 900 cm −1 [21] . The frequencies vary with the strength of the hydrogen bond and, within series of similar compounds, the frequencies correlate with each other and with the strength and the R O···O distance of the respective hydrogen bond [20, 21] . For medium H-bonds Fermi resonance does not practically excite ν(OH) spectral band shape [22] . However, the presence of K 3/2 [I 3 O 9 H 3/2 ] moieties is the major structural feature of δ-KIO 3 ·HIO 3 crystal as it follows from data of Ref. [17] . Those may induce a similar distribution observed in the ν(OH) band for α-HIO 3 crystal [23] .
Following [23] we assign a very strong broad band centered at 2900 cm −1 and less intensive band at 2320 cm −1 to ν(OH) stretching vibration and 2δ(OH) overtone. In the 1000 to 1300 cm −1 region there is a band of the medium intensity with peak position 1185 cm −1 at the room temperature. Similar frequencies are typical also for other H-bonded iodates [14, 23, 24] ; they rather belong to the in-plane bending modes δ(OH) of I-O-H· · ·O-I fragments. The temperature dependencies of the peak position and half-width of the δ(OH) band were measured in our previous work [17] and showed sharp changes in their slopes near 220 K. This was associated with the phase transition in the proton sublattice of order-disorder type.
Discussion
The major experimental result of the present work is the disclosure a pronounced "modulation" in both low-frequency slopes and high-frequency ones of the ν(OH) and δ(OH) bands especially at temperature below 220 K (Figs. 1, 2) . However, the substructure is only slightly distinguished in the low-frequency slopes and that is why we will focus our consideration on the high-frequency slopes. The frequencies of the δ(OH) band satellites at 99K are 1148, 1120, 1095, 1068, 1040, 1011, 982, 956, and 932 cm −1 . The differences between the succeeding peaks in this progression are almost constant that equals 24.5 ± 6 cm −1 . The ν(OH) band satellites in the spectra below 220 K are located at the frequencies 2780, 2570, 2460, and 2345 cm −1 and the respective difference between the maxima is near 120 ± 10 cm −1 . When passing from higher to lower temperatures, all the bands become sharper. At the same time their relative positions and intensities are still retained. A similar band progression is also observed for the ν(OH) and δ(OH) bands in the spectra of α-HIO 3 [23] and α-KIO 3 ·HIO 3 [24] crystals.
The origin of such an unusual spectroscopic feature cannot be associated with a possible strong anharmonic coupling between the high-frequency vibrational modes of hydrogen bonds and lowfrequency lattice phonons as it was described in Ref. [25] . According to the theoretical model developed in Ref. [25] the appearance of a multiband substructure at the low frequency slope of the ν(OH) absorption band in a solid is possible only in cases of strong and very strong hydrogen bonds. However, this is not the case for our crystal, where only weak and medium strong hydrogen bonds are present.
Taking into account the complex structure of said crystal (Z=24), possible dynamic proton disordering at the room temperature and practically independence of proton dynamics from the surrounding heavy atoms [12] , we have proposed here a radically new theory of the proton behavior in a solid. Namely, we have shown that the sublattice of hydrogen atoms is divided into peculiar hydrogen clusters with a large number of hydrogen atoms in each of them. Solution (38) for the number of hydrogen atoms in a cluster includes the elasticity constant γ associated with the inerton field, which is omnipresent. This means that we may treat the cluster as a crystallite in which oscillations of the inert mass of hydrogen atoms occur. Moreover, due to the inequality γ << γ cryst we can assume that only a part of the hydrogen atom's inert mass participates in the collective vibrations of the hydrogen atoms. In other words, the cluster formation signifies that a part of the inerton cloud of each of the cluster's hydrogen atoms begins to co-operate with similar parts of other inerton clouds of the rest hydrogen atoms. It is reasonable that the cluster, or crystallite, features the regular crystal lattice with the elasticity constant γ and each site of the lattice is characterized by an effective mass m * (in this case γ << γ cryst and m * ∼ mγ/γ cryst , i.e. m * << m where m is the proton mass). Using the quantum mechanical language this means that the inerton clouds oscillating synchronously strongly overlap and hence their overlapping leads to the induction of a coupling potential which partly bounds hydrogen atoms located in the crystallite sites. The coupling rearranges normal coordinates corresponding to the effective mass m * of a site (i.e. hydrogen atom) for each mode. As a result, we should obtain a set of the normal modes of the crystallite relative to new normal coordinates.
Such a crystallite (i.e. cluster), can be described by the Lagrangian typical for the crystal lattice of a solid (see, e.g. Ref. [26] )
Here the first term describes the kinetic energy of inerton clouds which vibrate in the cluster in the vicinity of their hydrogen atoms and the second term specifies the potential energy of the clouds. m * is the effective mass of an hydrogen atom, which the cluster incorporates, i.e. a part of the mass of the atom's inerton cloud; u lα (α = 1, 2, 3) are three components of the inerton cloud displacement from the site of the equilibrium position, which is determined by the lattice vector l;u lα are three components of the velocity of this inerton cloud; γ αβ ( l − n) are the components of the elasticity tensor of the crystallite lattice studied. The prime at the sum symbol signifies that terms with coinciding indices l and n are not taken into account in summation.
The Lagrangian (39) permits the determination of the dispersion equation for allowed frequencies of the cluster, which may be called branches of acoustic inerton vibrations (similarly to pure acoustic phonon branches in a solid). The corresponding dispersion equation based on the Lagrangian (39) is [26] 
which is correct at qg < π; here q is the wavenumber of inerton excitations, g is the effective distance between hydrogen atoms in a cluster (i.e., the lattice constant) and the index i characterizes the two types of inerton modes: longitudinal, i = ||, and transversal, i = ⊥. Thought the elasticity constants γ i are small, the sound velocities of the crystallite v i = g γ i /m * are rather not small because γ i /m * ∼ γ cryst /m. Figures 1 and 2 depict the infrared spectra of the center of the Brillouin zone. The dispersion law (40) is still proper in this range. If we look at the Figures 1 and 2 , we will see a series of submaxima, which are superimposed on the bearing absorption band. All submaxima in each of the two spectra are equidistant and just such behavior is prescribed by the acoustic spectrum of inertons (40) in the hydrogen crystallite.
The rough estimation of the absorption coefficient is
where ω max corresponds to the maxima of the spectra of ν(OH) or δ(OH) bands. The second summand in expression (41) describes the absorption by acoustic inertons because ω i (q), where i = || or ⊥, conforms with the dispersion law (40). The profile of the absorption spectra built up by expression (41) correlates with that shown in Figures 1 and 2 . Expression (38) can be harnessed to estimate the number of hydrogen atoms, which go into one cluster, or crystallite. Indeed, because ε changes from 100 to 120 kcal/mol, we may put ε ∼ = 110 kcal/mol = 7.65 × 10 
where allowance is made for the explicit form of the wavenumber q in the cluster, q ≡ q n = 2π n/(g N) (n = ±1, ±2, ..., ±N/2). Substituting values of ∆ω from (43) into Eq. (44), choosing the corresponding fitting values of the sound velocities v || = 5 × 10 3 m/s and v ⊥ = 10 3 m/s, and setting the lattice constant g = 3.6 × 10 −10 m, we will arrive to the same value (42) of hydrogen atoms in a cluster, which has been calculated by expression (38).
Conclusion
In the present work we have proposed a new approach to the problem of clustering of light atoms in condensed media. The approach is characterized by two distinctive features: i) the paired potential that binds two atoms into a molecule has been subdivided to two independent components -the attractive potential and repulsive one; ii) the attractive potential has been complemented by a correction caused by the elastic interaction of a vibrating atom with the space substrate. The interaction with the space induces the long-range inerton potential that in our case has provided for the cooperation of hydrogen atoms (we recall that inertons represent a substructure of the matter waves, so inertons are real carriers of all material interactions). The theoretical results obtained have allowed the explanation of the unorthodox anomaly revealed in the high frequency vibration spectra of the δ-KIO 3 ·HIO 3 crystal. Namely, the spectroscopic study exhibits the band fine structures in the stretching and bending vibrations of hydrogen bonds. The appearance of those substructures in the IR spectra we associate with excited states of hydrogen atoms in clusters. Hydrogen atoms giving rise to a cluster do not move from their equilibrium positions in the crystal backbone, however, the atoms interacting through the inerton field begin to vibrate synchronously. We have estimated the quantity of hydrogen atoms in a cluster, which appear to be equal to the number of atoms in the crystal's primitive cell, N = 24.
It is clear that the phenomenon studied in this work touches an inner submicroscopic nature not only the crystal considered, but the matter construction in general as a similar clustering of atoms (or a collective behavior of atoms) may occur in other compounds as well. That is why the results obtained herein might be very required at the investigation of difficult problems associated with the complicated lattice dynamics.
